Abstract Arteries that supply the nasal septum and the lateral nasal wall include vessels that originate from the external carotid artery and from the internal carotid artery. A variety of local endonasal pedicle flaps can be used in different anatomical areas for endoscopic skull base reconstruction. The main flaps are based on terminal branches of the sphenopalatine artery and on anterior ethmoidal artery. This study will describe the anatomy of these vessels and their relationship with the main flaps.
The nasal cavity has a rich vascular network. Arteries that supply the nasal septum and the lateral nasal wall include vessels that originate from the external carotid artery (maxillary and facial artery) and from the internal carotid artery (ophthalmic artery). Appropriate anatomical knowledge of nasal vascularisation is essential to perform a variety of pedicle flaps. They can be used in different anatomical areas such as in the repair of septal perforations, oronasal fistulas, reconstruction of the nasal pyramid, in choanal atresia, and in recent years in skull base reconstruction. Currently local endonasal pedicle flaps (LEPF) are the option of choice in reconstructive nasosinusal and skull base surgery, due to their reliability and quality regarding free grafts. The flaps based on terminal branches of the sphenopalatine artery and on anterior ethmoidal artery are the most widely used LEPF. We describe the anatomy of these vessels in detail and their relationship with the main LEPF.
Branches of the Sphenopalatine Artery (Arteria Sphenopalatina)
The sphenopalatine artery is the terminal branch of the maxillary artery (MA), which is one of the two main end arteries from of the external carotid artery. The MA is located behind the neck of the mandible and passes lateral or medial to the lateral pterygoid muscle (Fig. 1) , and reaches the pterygopalatine fossa (PF) through the pterygomaxillary fissure. This portion of the MA is called the pterygopalatine segment. The branches of this third segment are, according to their origin from lateral to medial: posterior superior alveolar artery, infraorbital artery, descending palatine artery, artery of the foramen rotundum, artery of the pterygoid canal, pharyngeal branch and sphenopalatine artery [1] . These branches supply the orbit, the nasal cavity, the nasopharynx, the cavernous sinus and the carotid canal (Fig. 2) . The sphenopalatine artery emerges from the superomedial part of the PF and enters the nasal cavity through the sphenopalatine foramen. This foramen is usually located in the superior meatus, although it may also be found in the middle meatus or at the & Juan R. Gras-Cabrerizo jgras@santpau.cat transition of both meatuses, according to its location above or below the ethmoidal crest. This bone reference is the best anatomic landmark to localize the sphenopalatine artery. It gives off two main branches, the posterior lateral nasal artery (PLNA) and the posterior septal artery (PSA) [2, 3] which can be divided into one or two trunks medial to the ethmoidal crest, before or after crossing the sphenopalatine foramen. It is rarely possible to identify more than two trunks [2, 4] (Fig. 3 ). 1. The PLNA supplies the region of the lateral nasal wall giving off branches to inferior turbinate (inferior turbinate artery), to middle turbinate (middle turbinate artery), to mucosa of the fontanelle and to mucosa of the maxillary sinus [5] (Fig. 4) . In approximately 20% of cases this artery supplies the superior turbinate [6] . 1a. The inferior turbinate artery enters a bone canal and runs anteriorly along the turbinate. It usually gives off two terminal branches, within or adjacent to the bone, supplying the mucosa of the turbinate (Fig. 5 ). An inferior turbinate flap (ITF) may be designed by employing the medial and lateral mucosal surface of the turbinate. The ITF presents an excellent anteroposterior distance, between 4.2 and 5 cm, with a width between 1.2 and 1.4 cm [7] . Based on this posterior pedicle it is an optimal flap to seal posterior skull base defects, particularly in the clival area [8, 9] . Carrau and Hadad (C-H flap) improved this posterior ITF incorporating the mucoperiosteum of the lateral nasal wall and the mucoperiosteum of the floor of the nasal cavity [10] . The C-H flap obtains three times the surface of the posterior ITF and it should be considered a surgical Fig. 2 Pterigopalatine segment of the maxillary artery (M) and its main branches. SP sphenopalatine artery, IO infraorbital artery, DP descending palatine artery, PP perpendicular plate option when the posterior ITF is not sufficiently large. Some branches from the facial artery, the superior labial artery (arteria labialis superior) and the lateral nasal artery (arteria lateralis nasi) can reach the head of the inferior turbinate (Fig. 6 ). Therefore the inferior turbinate receives a dual blood supply allowing to perform not only a posterior ITF but also an anterior turbinate flap. Based on its anterior pedicle, the mucoperiosteum surface of the ITF can reconstruct pyramid defects or anterior septum perforation [11, 12] . Oronasal fistulas can also be closed with the ITF using both pedicles, anterior and posterior [13] .
1b. The middle turbinate artery gives off several branches, some of which run along the medial surface of the turbinate while the other branches supply the lateral turbinate surface and the anterior ethmoidal complex (Fig. 4) . Taking into account the entrance of the artery on the posterior attachment of the middle turbinate, a middle turbinate flap (MTF) can be designed. The lateral and medial mucosa surfaces are dissected from the turbinate bone, which will later be removed. It is possible to create a flap with approximately a length of 4 cm and a width of 1.5 cm. [7] . The MTF presents technical difficulties, due to anatomical variations and the instability of the turbinate. It is optimal to cover the ethmoidal groove and it can be used to seal defects of the upper third of the clivus and sellar area [14] . Recently the MTF has been described to repair posterior septal perforations [15] .
The ITF and the MTF could be used in patients in which the septal flap pedicle to the PSA is not available, such as when the tumours involve the nasal septum, in large posterior septectomies and in wide sphenoidotomies.
2. The PSA courses the anterior wall of the sphenoid sinus on a subperiostical plane, between the choana and sphenoidal ostium. In most cases the artery bifurcates into superior and inferior branches. In this area it supplies superior turbinate (superior turbinate artery), sphenoid (Figs. 3, 7) . The superior turbinate artery can arise from the superior division of the PSA or directly from the trunk of the PSA [16] . The PSA distributes on the nasal septum irrigating mainly the inferior two thirds. The distal extreme of the inferior branch of the PSA, the nasopalatine artery, vascularizes the inferior septal area and ends in the incisive canal where it anastomoses with the greater palatine artery [1] [2] [3] .
Furthermore, the PSA presents anastomosis in the septal area with the ethmoidal arteries and with branches from the superior labial artery (Fig. 8) . The flap designed by Hadad and Bassagasteguy and the subsequent modifications [17] [18] [19] are based on the PSA and its posterior septal branches. This is the endonasal flap with greatest versatility in the paranasal sinuses and skull base reconstruction due to its great measurements. The flap length ranges between 5.2 and 6.4 cm increasing to 7.7 cm when the anterior incision extends to the limen nasi. The width ranges between 3 and 4.5 cm and it is possible to increase its amplitude by increasing the inferior incision further than the maxillary crest [7] . It can be used for reconstructing extensive defects of the anterior, middle, clival and parasellar skull base, for covering defects in the nasal floor and for the reconstruction of the medial and inferior orbit [18] [19] [20] .
Branches of the Anterior Ethmoidal Artery (Arteria Ethmoidalis Anterior)
The ethmoidal arteries arise from the ophthalmic artery in their intraorbital route. The anterior ethmoidal artery (AEA) passes through the superior oblique muscle and the medial rectus muscle describing a curvature before being placed on the ethmoidal roof. The posterior ethmoidal artery (PEA) runs superior to the superior oblique muscle. Both ethmoidal arteries reach the roof of the ethmoidal complex through the ethmoidal foramina going through lamina papyracea. The arteries run along the ethmoidal roof from lateral to medial, reaching the lateral lamella of cribriform plate (Fig. 9) . Depending on the pneumatisation of the ethmoidal roof, the ethmoidal arteries may be more or less evident. The bulging of the artery canal is usually more evident for the AEA than for the posterior canal. The AEA describes an oblique route allowing to identify a beak in the lamina papyracea. In some cases the AEA can present a mesentery suspended from the skull base and it is possible to be dehiscent inferiorly [21] . The most superior part of the basal lamella of the ethmoidal bulla is the landmark to find the AEA due to the fact that, in most cases, it is located behind this wall. The AEA gives off the anterior meningeal artery, which enters intracranial below the dura mater and descends through the cribriform plate, supplying the anterior superior part of the septum (anterior septal branch) and the anterior ethmoidal cells, the frontal sinus and the middle turbinate (anterior lateral nasal branches) [2, 3] . The AEA can be absent unilaterally in 7-14% cases and in 2% bilaterally. In these cases a branch from the PEA supplies the vascularisation [22, 23] .
1. Anterior septal branch.
The anterior septal branch has its origin in the superior area of the nasal septum, between 5.5 and 8.7 mm posterior to the septal projection of the axilla of the middle turbinate [24] . The artery descends anteriorly and obliquely giving off two or three branches (Fig. 8 ). This septal branch may be used to perform the flap described by Castelnuovo (CF) [25] . The CF involves the mucoperiosteum of the nasal septum, the floor of the nasal cavity and the inferior meatus. This flap has an excellent anterosuperior rotation pivot to seal septal perforations, essentially for perforation smaller than 2 cm. This mucosal septal flap may also be used in the endonasal frontal surgery. The flap may be displaced superiorly in order to decrease the incidence of restenosis in recess frontal surgery [26] .
2. Anterior lateral nasal branches. The branches from the AEA, which supply the lateral nasal wall, can be used to perform the anterior pedicle lateral nasal wall flap or Hadad-Bassagaisteguy flap 2 (HB2) [27] . The pedicle includes not only branches from the AEA but Fig. 7 The PSA courses between the choana and the sphenoidal ostium (asterisk) in the left nasal cavity. The artery bifurcates into superior and inferior branches. The PLNA gives off branches to the mucosa of the fontanelle and maxillary sinus (double asterisk). IT inferior turbinate, MT middle turbinate, ST superior turbinate, PLNA posterior lateral nasal artery, S nasal septum, PSA posterior septal artery Fig. 8 Sagittal CTA image and nasal septum vascularisation. NPA nasopalatine artery, SLA superior labial artery, AEA anterior ethmoidal artery, PEA posterior ethmoidal artery, PSA posterior septal artery also branches of the facial artery, the anterior supply of the inferior turbinate. The HB2 can cover large anterior skull base defects and provides an alternative to the nasoseptal flap [27, 28] .
Conclusion
The rich vascular network of the nasal cavity allows to perform a great variety of nasal vascularised pedicle flaps. The sphenopalatine artery provides the branches for posterior nasal flaps, and branches of the anterior ethmoidal artery and facial artery are the vessels supplying the anterior nasal flaps.
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